Background: Rosacea is an inflammatory skin disease. We examined the association between personal history of rosacea and risk of incident cancers.
Rosacea is a chronic inflammatory cutaneous disorder. Dysfunction in the innate and (or) adaptive immune response may contribute to its pathophysiology (Elewski et al, 2011; Steinhoff et al, 2013) . Genetic predisposition, ultraviolet (UV) radiation, psychological factors, Helicobacter pylori infection, and detrimental lifestyles have been proposed as possible risk factors (Elewski et al, 2011; Steinhoff et al, 2013; Tan and Berg, 2013) . This raises the possibility that rosacea may be an end-organ response in a systemic disorder.
Cancer is a major systemic disorder with imbalanced inflammatory and immune response as a hallmark (Moss and Blaser, 2005) . Other overlapping risk factors also suggest a possible association between rosacea and cancers. However, prior studies linking rosacea to cancers have been very sparse (Margolin, 2004; Friedman et al, 2006) . We systemically examined the association between a personal history of rosacea and risk of incident cancer, based on a prospective analysis of the Nurses' Health Study II (NHS II). We comprehensively estimated the risk of the subsequent risk of internal malignancies (non-skin cancers) and skin cancers for women with rosacea.
MATERIALS AND METHODS
The NHS II began in 1989 when 116 430 US female nurses aged 25-42 years, completed a baseline questionnaire on medical history and lifestyle practices (Supplementary Information). Biennially, participants received a questionnaire and a response rate exceeding 90% has been achieved in the follow-up. Among participants with information on personal history of rosacea, we excluded those with missing date of birth, all cancers at baseline, and all non-whites, and 75 088 participants remained.
The main exposure is personal history of rosacea. In 2005, NHS II participants responded to a question on whether they had clinician-diagnosed rosacea and the diagnosis date if so (before 1991, 1991-1994, 1995-1998, 1999-2002, or 2003-2005) .
Since 1989, participants have reported diagnoses of cancers, including all internal malignancies, melanoma, and skin keratinocyte carcinoma (also known as non-melanoma skin cancer, including squamous cell carcinoma (SCC) and basal cell carcinoma (BCC)), on biennial surveys. Related medical records were reviewed by physicians. Only pathologically confirmed invasive cases were included, except for breast cancer and bladder cancer, which included both invasive and in situ cases. For BCC, we did not seek to obtain the medical records for all, but previous reports have demonstrated a high validity of self-reports (Colditz et al, 1986; Hunter et al, 1992) .
Statistical analysis. Person-years of follow-up were calculated from the return of the 1991 questionnaire to the date of diagnosis of the first internal (or skin) cancer, death, the last questionnaire response, or June of 2011, whichever came first.
We calculated the hazard ratios (HRs) and 95% confidence intervals (CIs) of major individual cancer (with 4100 incident cases) using Cox proportional hazards models, stratified by 2-year interval. Multivariate models were adjusted a priori for age, body mass index, alcohol consumption, physical activity, physical examination, multivitamin use, smoking status, oral contraceptive use, menopausal status and postmenopausal hormone use, as well as use of medications including tetracycline, isotretinoin, and antibiotics (Supplementary information). For skin cancers and breast cancer, we additionally adjusted for related risk factors (see footnotes for Table 2 and Supplementary information). An indicator was created for the missing data of each covariate as appropriate. For individual cancers significantly associated with personal history of rosacea, we conducted additional analyses (online Supplementary Information) Analyses were carried out by using SAS (version 9.2; SAS Institute Inc., Cary, NC, USA). All P-values were two-tailed with the significance level set at Po0.05.
RESULTS
Among 75 088 women, 6015 (8.0%) had been diagnosed with rosacea as of 2005. Of them, 1064 had rosacea diagnosed before 1991. Women with rosacea were older and more likely to be postmenopausal and have had benign breast diseases, but less likely to be current smokers or current oral contraceptive users. Rosacea cases reported less sun exposure but tended to expose more to other skin cancer risk factors. Rosacea cases also reported an increased history of severe teenage acne and use of tetracycline, isotretinoin, or antibiotics (Table 1) .
A total of 5194 internal cancer cases were identified within 1 447 205 person-years (1991-2011, Table 2 ). We did not find significant association between a personal history of rosacea and risk of incident total internal malignancies (HR ¼ 1.08, 95% CI ¼ 0.96-1.22). For individual cancers, a personal history of rosacea was significantly associated with increased risk of incident thyroid cancer (HR ¼ 1.59, 95% CI ¼ 1.07-2.36), but not with other individual cancers. Subgroup analysis for breast cancer by subtypes or oestrogen receptor/progesterone receptor status did not reach any significant findings either. For thyroid cancer, further analyses did not change the results materially. The HRs (95% CIs) were 1.58 (1.06-2.36) for the analysis additionally adjusting for severe teenage acne, 1.53 (1.00-2.33) for the analysis excluding those reporting a history of severe teenage acne, 1.74 (1.03-2.97) for the analysis excluding those using medications for acne or rosacea, 1.87 (1.24-2.79) for the analysis excluding cases identified in the first follow-up period, 2.00 (1.23-3.25) for the analysis restricting the follow-up to 2005-2011, and 1.58 (1.06-2.36) for the analysis further adjusting for history of SCC or BCC.
A total of 360 melanoma, 452 SCC, and 4976 BCC cases were documented . A personal history of rosacea was significantly associated with increased risk of incident BCC only (HR ¼ 1.50, 95% CI ¼ 1.35-1.67), but not for melanoma or SCC (Table 2) . Baseline characteristics of all BCC cases identified during the follow-up according to personal history of rosacea is shown in Supplementary Table 1. Further analyses by adjusting for severe teenage acne, excluding those with severe teenage acne, excluding those using medications for acne or rosacea, excluding cases identified in the first follow-up period, or restricting the follow-up starting at 2005 did not change the results materially (data not shown). 
DISCUSSION
We systemically examined the association between personal history of rosacea and risk of cancers during a follow-up of 20 years. Women with a personal history of rosacea had a statistically significantly elevated risk of thyroid cancer and BCC. The association remained in the models controlling for the major confounders. To our knowledge, our study is the first to reveal such associations between rosacea and thyroid cancer and BCC. In our study, thyroid cancer is the only individual internal cancer significantly associated with rosacea. Thyroid cancer is the most common endocrine malignancy, with ionising radiation as a well-established risk factor (Boice, 2006; Li et al, 2012) . Accumulating evidence demonstrates that the inflammatory response and immune function has a critical role in the pathogenesis of thyroid cancer (Bozec et al, 2010; Guarino et al, 2010) . Therefore, inflammation may be one potential link between rosacea and thyroid cancer. It would be also important to examine the side effect of skin radiotherapy, which has been used for rosacea (Erceg et al, 2013) .
Among skin cancers, BCC is the only one significantly associated with rosacea. It is worth noting that rosacea cases tended to have a higher UV exposure at early ages in our study. UV radiation has an important role in rosacea development (Steinhoff et al, 2013) . The higher UV exposure among rosacea cases at early ages might confer an elevated risk of BCC. The non-statistically significant association in melanoma and SCC could be due to the evidence that melanoma is more sensitive to intermittent UV exposure and SCC is more sensitive to cumulative UV exposure than to exposure at early ages (Wu et al, 2014) .
Rosacea and acne are chronic inflammatory skin conditions that share an inflammatory pathogenesis. Clinically, rosacea and acne are quite distinct (Fleischer, 2011) . Propionibacterium acnes is connected with acne but not found to be involved in pathogenesis of rosacea. Further analyses adjusting for history of severe teenage acne or excluding those with severe teenage acne did not change the results appreciably.
Our study has the following limitations. First, there may be aetiologic heterogeneities underlying different types of rosacea. We do not have information on the subtypes of rosacea and were not able to examine the associations by rosacea subtypes. Second, all study participants were women and Caucasians. Extrapolation of our findings to men or other race/ethnicities should be approached with caution, given the potentially different types of rosacea.
Third, our study is a prospective-retrospective mixed cohort study. The self-reported personal history of rosacea in 2005 may have introduced recall bias regarding the diagnosis. However, additional analyses yielded robust findings. Moreover, because the participants are health professionals, a high validity of the rosacea selfreport is expected. Fourth, we did not seek for the medical records for all BCC cases. However, the high levels of education and familiarity with medical issues among the cohort members allows high-quality and valid information to be collected on selfadministered forms. A previous validation study showed a confirmation rate of 96% for BCC self-reports by histopathological findings or medical records among a subgroup of women in NHS (Colditz et al, 1986) . Therefore, misclassification in BCC would be expected to be minimal and would not bias any association materially. The findings for BCC remained fairly robust in the different sets of analysis, such as the lag analysis excluding the first follow-up period and the analysis restricting the follow-up to 2005 and later. Therefore, the validity of the study findings was assuring. Fifth, we do not have information on other therapies for rosacea other than major medications, and are not able to evaluate the possible effects of other treatment strategies, such as radiotherapy. Sixth, we do not have access to the detailed histopathological characteristics of thyroid cancer and therefore cannot explore in depth the association with subtypes. Seventh, the concern over multiple comparisons cannot be fully addressed.
In conclusion, our data suggest possible associations between personal history of rosacea and an increased risk of thyroid cancer and BCC. We provide evidence demonstrating that rosacea may represent a systemic disorder beyond a skin condition. Further studies are required to replicate our findings in other populations, particularly those of women and non-Caucasians. It would be critical to explore the potential heterogeneities for the association with cancer in different subtypes of rosacea. Studies are warranted to explore the underlying mechanisms for our findings. For example, taking advantage of genome-wide association study and next-generation sequencing techniques would be important to identify potentially common genetic predisposition for inflammatory skin disorders and cancers. Additionally adjusted for personal history of benign breast disease, family history of breast cancer, age at first birth and parity, age at menarche, height, and BMI at age 18 years. Other individual cancers each with cases o100. Additionally adjusted for natural hair colour, childhood tendency to sunburn, number of sunburns at ages 15-20 years, family history of melanoma, self-reported mole count on lower legs, sun exposures at high school and at age 25-35 years, and UV index at birth, age 15, and age 30 years. IL, IN, IA, KY, LA, ME, MD, MA, MI, NE, NH, NJ, NY, NC, ND, OH, OK, OR, PA, RI, SC, TN, TX, VA, WA, and WY (states of USA). We assume full responsibility for analyses and interpretation of these data. This work was supported by Department of Dermatology, Brown University Department of Dermatology, and Nurses' Health Study II grant (UM1 CA176726). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
